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The report consists of three main parts-an explanation of the method of determining the healthfulness of an occupation by means of mortality statistics, with an exposition of the advantages inherent in this method; an intensive study, for the places and periods selected, of death rates and distribution of population among those aged 15 to 44; and a more general study of the same kind for the whole population aged 10 years and over.
ADVANTAGES OF METHOD OF INVESTIGATION USED.
There are two possible methods of determining the healthfulness of an industry, which may be defined respectively ns the inspection method and the death-rate method.
Under the first method a careful inspection is made of as many as possible of those engaged in a given industry, and from the prevalence of ill health or disease among them conclusions are drawn as to the healthfulness of that pursuit. By the second method the death rate among those engaged in a given industry is accurately determined for a period sufficiently long to exclude the effect of temporary disturbances, and from a comparison of this death rate with that prevailing in similar age and sex groups outside of the industry conclusions are drawn as to the healthful or unhealthful character of the industry* 2
The second method has marked advantages over the first or inspection method. First, it is based on indisputable facts, not on controvertible grounds. Thus, at least in the registration areas, in a given industry it is possible to establish beyond question that with-in a certain period a specified number of those engaged in the industry have died. The inspection method, on the other hand, starting with what is more or less a matter of opinion and judgment-the statement that at a given date so many of the employees under consideration were in poor health-brings in a second element of uncertainty when it attempts to define the degree of ill health existing among those affected.
Secondly, the death rate method is comprehensive, and hence affords a fairer basis for comparisons than the inspection method, which can never be more than partial and limited. In the registration areas it is possible to determine all the deaths which have occurred within a given group during a specified period, but it is obviously impossible to learn the number of cases of ill health which have occurred within the same group during a similar period. An inspection can deal with only a fraction of the employees in an industry and there is no way of knowing whether or not this fraction is really typical of the whole group. Even if it were typical, it would show only the conditions existing at the particular time when the inspection was made, which would not necessarily be at all the same as the conditions prevailing throughout a period of years.
Third, the death rate method excludes any possibility of bias, intentional or unconscious, on the part of the investigator, and when several investigators are working together, reduces to a minimum the effect of the personal equation. The inspection method is sure to deal with a number of border line cases which might be classed on either side of whatever line of demarcation has been fixed; where they will be classed depends upon the investigator's personal judgment, and when several investigators are working together it is exceedingly likely that cases of similar character will be included by one and cast out by another. By the death-rate method this element of confusion is avoided; death means death whether the classification is made by one investigator or by twenty.
Fourth, any study of the healthfulness of an occupation involves a consideration of the factors which tell against health-the antilongevity factors. Obviously it is easier to isolate these factors and gain some idea of their relative importance in a case in which their work has been completed than in a case of which it can only be said that they have brought about some form of ill health. In the one case the completed result of their activity can be seen; in the other, only a partial result, which is not susceptible of definite measurement.
Together they have brought about a general condition known as ill health, or perhaps some specific condition such as tuberculosis or typhoid, but the inspection method affords no way of learning what either the general or the specific condition means in years of life sacrificed or industrial efficiency lost.
But when it is stated that a given number of individuals of a designated age have died, it is evident that each one of them has suffered the greatest total physical injury to which any individual of that age is susceptible. The factors which have produced death at the specified age undoubtedly differ widely from case to case in number, in identity, and in individual harmfulness, but in every case their combined effect has been the same-death within a specified age period. Knowing, therefore, their combined effect, it becomes possible to determine with some degree of accuracy the relative degree of harmfulness of each factor.
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SCOPE OF THE INVESTIGATION.
Three cities-Fall River, Mass., Manchester, N. H., and Pawtucket, R. I.-were selected for study partly because they were predominantly cotton-manufacturing communities and partly because the number of cotton-mill operatives found in them-about onesixth of the cotton-mill operatives of the whole country-is large enough to be considered as typical of conditions among the employees of the industry generally.
The investigation covered a period of three years, 1905, 1906, and 1907 . The official record of every death of an individual aged 10 years and over was first copied, after which a visit was made to the place at which he had died, and relatives or friends were questioned as to details not given in the official certificate. Also the statement of the death certificate as to the decedent's occupation was verified or corrected. Corrections were frequently necessary.
The recorded number of female operative decedents in Fall River for the three-year period was 171. Of these, one-seventh, or 24, were found not to have been cotton operatives, while 152 who were recorded as having other or no occupations were really cotton operatives. The corrected number of female operative decedents, therefore, was 299; that is, the group as recorded was too small by 128.
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Throughout this study the term u cotton operatives" is used to mean only those persons whose work had been such as to expose them for many hours daily to the processes or hygienic conditions peculiar to a mill that manufactures cotton wadding, yarn, thread, or cloth. Office clerks, for instance, were not included, nor were engineers, firemen, watchmen, and yardmen, none of these being in anywise affected by conditions peculiar to cotton manufacturing. The term " cotton operative" was still further restricted by limiting it to those who were either working in a cotton mill at the time of death or who had left it not more than two years before.
MORTALITY IN AGE GROUP 15 TO 44 YEARS.
This group was selected for intensive study for three reasons: First, the massing of cotton operatives within its limits renders its selection desirable in order that the comparisons between operatives and nonoperatives may be valid; second, this is the period in which tuberculosis is most fatally active, and, since tuberculosis is the most important cause of death among female operatives, this age group is especially suitable for detailed study in an investigation into the causes of death among female operatives; and, third, the freedom of the group from the complications of either infancy or age renders it possible to trace the effect of a given cause upon death rates far more easily than can be done in the higher age groups, in which the influence of advancing years seriously affects the mortality.
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Concerning the first of the above reasons it is to be noted that 85 per cent of the whole operative population of the three cities studied was found within the limits of this age group, while as to the second, three-fourths (76 per cent) of the total deaths from tuberculosis occurring in Fall River during the three-year period were of persons aged from 15 to 44 years.
RELATIVE DEATH RATES OF OPERATIVES AND NONOPERATIVES, ALL CAUSES.
A detailed study is given of the mortality and of the distribution of the population in each of the component five-year age groups making up this period. As a result several facts appear to be clearly established.
First, in the population as a whole the male death rate shows a slight excess over the female alike from tuberculous and nontuberculous causes. The only exception to this is in Fall River, where for the three-year period the female death rate from nontuberculous causes shows a slight excess over the male.
But among the operatives the situation exactly reverses that prevailing among the general population. Female operatives show a uniform and marked excess in death rates over the male operatives, the only exception to this condition appearing in the figures of the three cities for one year, where the male operative death rate from all causes combined shows a slight excess over the corresponding female rate. Moreover the death rate of the female operatives is very much higher than that of female nonoperatives. This is true of both Fall River and the three cities for the one year and the three year period, and for every one of the component five-year age groups, excepting only the'group aged 15 to 19 years. Among the members of this age group in the three cities combined for the one- year period, the death rate of the nonoperative females was 4.17 against 4.02 for the operative females. Elsewhere the excess of the operative rate was often very marked. Thus, in the three cities for the group aged 20 to 24 years the death rate of the female operatives was over twice that of the nonoperatives, 7.63 to 3.58, and in the group aged 35 to 39 years in Fall River for three years the operative rate was 11.57 against a nonoperative rate of 5.90.
In order to present a comprehensive view of the variations within the 30-year age group, 15 to 44, and in order also to show the relation between those in this group and in the whole population aged 10 years and over, several tables have been prepared giving the leading facts for Fall River in condensed form. The first shows the general distribution of the population and of the deaths, together with a comparison of the death rates for operatives and nonoperatives in each 5-year age group. This table brings out very clearly the massing of the female operatives in the earlier age groups, where the death rates are normally low. Practically 50 per cent of the female operatives are found in the two groups aged 15 to 19 and 20 to 24 years, while only 18.2 per cent of the female nonoperatives are found in these age groups. This relative usefulness of the operatives greatly increases the impressiveness of their high death rate. Of the female operative deaths 32.1 per cent occur between 15 and 25, during which period only 4.2 per cent of the female nonoperative deaths occur.
NUMBER AND PER CENT OF OPERATIVES AND OF NONOPERATIVES, AND PER CENT OF TOTAL DEATHS OF MALES AND OF FEMALES IN EACH 5-YEAR GROUP, AND DEATH RATES PER 1,000 OF OPERATIVES AND NONOPERATIVES, FALL RIVER
Comparing the death rates per 1,000 of operatives and nonoperatives it will be seen that the greatest excess among the males, 37.1 per cent, is in the 15 to 19 year group. The importance of this group is indicated by the fact that it contains over one-sixth of all the male operatives. In the almost equally important group, 20 to 24 years, the excess is only 18.4 per cent, while in the other groupsexcept 10 to 14 years, which is not important for operatives-the excess in death rate is either on the side of the nonoperatives or is not important.
Comparing the death rates per 1,000 of female operatives and nonoperatives, the greatest excess, 96.1 per cent, appears in the 35 to 39 year group, which contains approximately one-twelfth of all the female operatives. In the age group 40 to 44 the excess in the operative rate is 91.5 per cent, but the group is numerically less important, constituting only 5.8 per cent of all female operatives. In the most important age group, 20 to 24, which contains 25.1 per cent of all female operatives, the excess in the operative death rate is 85 per cent, and in the next most important group, 15 to 19 years, containing 24.6 per cent of the female operatives, the excess is 72.3 per cent.
The exceedingly large excess in the death rates of operatives over nonoperatives among the young workers (15 to 19 years) must be considered especially significant, for these groups contain large numbers and represent a comparison of boys and girls who have been employed an average of two or three years with boys and girls of equal age, probably the greater part of whom had not been employed as wage earners.
Among male operatives the massing in the lower age groups is by no means so pronounced as among female operatives. One-third of the male operatives, however, as against about one-fifth of the nonoperatives, are found between 15 and 25, and 22.2 per cent of the operative deaths, as compared with 5.4 per cent of the nonoperative, occur between thjese ages.
RELATIVE MORTALITY OF OPERATIVES AND NONOPERATIVES
FROM TUBERCULOSIS.
The varying importance of. tuberculosis as a cause of death among males and females, operatives and nonoperatives, and in the various age groups is readily seen when a comparison is made of the per cent o-f total deaths due to that cause. Such a comparison is made in the following table, the five-year age groups being used as in the table which has preceded. The foregoing table shows not only the greater importance of tuberculosis among operatives, but the relative diminution in its importance as a cause of death in the higher age groups where other causes are increasingly destructive. Both male and female operatives show a greater relative mortality from tuberculosis than nonoperatives, but the difference is much greater among females than among males. Among female nonoperatives it will be noted that the highest proportions of tuberculous deaths are found in the age groups 15 to 19 and 20 to 24, although such deaths are fewer than in the next two groups, the reason being, of course, that other deaths are numerous at these early ages. Among the female operatives of the same ages, deaths from other causes are much more numerous, and consequently, though the tuberculous deaths are twice or more than twice as numerous as among nonoperatives, the percentage they form of the total deaths is by no means proportionately greater. 
RELATIVE DEATH RATES FROM TUBERCULOSIS OF OPERATIVES AND NONOPERATIVES.
If instead of comparing the death rate from all causes the death rate from tuberculosis alone be considered, the excess of the female operative over the female nonoperative rate is enormous. For the whole group aged 15 to 44 years the operative excess in Fall Eiver was 160 per cent, and in the component five-year age groups the operative excess ranged from 103 per cent among those aged 15 to 19 years to 922 per cent among those aged 40 to 44 years. The following The above table shows the variations in the death rates for the 5-year groups which are hidden when the w^hole period of 30 years is considered as a unit. This effect is most liable to lead to misinterpretations in the death rates for male operatives and nonoperatives from all causes. In three of the 5-year groups the operative exceeds the nonoperative rate, while in the other three the situation is reversed; the rate for the whole period is greater among nonoperatives than among operatives.
But when the causes of deaths are considered among the males, it is seen that the death rate per 1,000 from tuberculosis among operatives exceeds that among the nonoperatives, save in one age group, 35 to 30. The excess was most marked in the age group 40 to 44 and For the female operatives the death rate per 1,000 is in all groups and classes save one (nontuberculous deaths, 25 to 29 years) largely in excess of that for female nonoperatives. The rates, however, from tuberculosis show an extraordinary excess. Thus, in the important age groups, 15 to 19, 20 to 24, and 25 to 29, the excess in the tuberculous rate for female operatives is, respectively, 102.7, 153.5, and 164.9. The rates from nontuberculoua causes are in the most important age groups, 15 to 19 and 20 to 24, over 50 per cent in excess of those for nonoperatives. In considering the period 15 to 44 years as a whole, the massing of operatives in the youngest groups, where death rates would normally be low, must always be borne in mind. Were operatives, and especially female operatives, equally distributed among the age groups, the excess of the operative over the nonoperative death rate among females would be even greater than it is now and the nonoperative excess among 1 males might disappear altogether.
GROUNDS FOR BELIEVING OPERATIVE WORK INJURIOUS TO
FEMALES.
In view of the facts (1) that in the general population the female death rate is lower than the male; (2) that among operatives the female death rate is higher than the male; (3) that the death rate of female operatives is uniformly higher than that of female nonoperatives; and (4) that this difference becomes enormous in the case of death rates from tuberculosis, the conclusion seems justified that operative work is injurious to females, rendering them especially susceptible to tuberculosis.
Whether the harmful effects of operative work are greater than those of other industrial employments, and whether they inhere in cotton textile work as a whole or are due to certain occupations carried on within the mills, are questions for further investigations to answer. This has established the fact of the high mortality among female cotton operatives and of their special susceptibility to tuberculosis.
MORTALITY BY RACE.
The population of the three cities studied was classified in five race groups: American, English, French Canadian, Irish, and other races. A comparison of the proportion which each of these groups furnished of the population and of the deaths showed that the Irish everywhere and for each period furnished a much larger percentage of the deaths than they did of the population, and this disproportion was especially marked in the deaths from tuberculosis. The American and the English nowhere reached the proportion of deaths which their representation in the population would justify, but came nearest to it in the deaths from nontuberculous causes. The French Canadians and the " other races " both kept very near their population quota of deaths, the French rising a little above and the " other races " falling a little below it. The relatively large number of Irish deaths can not be ascribed to any one age, sex, or occupation group, but must be considered characteristic of the race as a whole.
Americans exhibited less susceptibility to tuberculosis than any of the other races, showing only one-half the average mortality of all the races from this cause; then come the English with only twothirds of the average mortality from tuberculosis; then the group of " other races," among whom it approaches very closely the average, but falls a trifle below; then the French Canadians, among whom also it comes very close to the average, but rises a trifle above it; and last of all the Irish, among whom it rises to almost double the rate for all races combined.
RELATIVE IMPORTANCE OF DIFFERENT CAUSES OF DEATH.
By far the most important cause of death in the age group 15 to 44 was tuberculosis, which was responsible for 1 death out of every 3, while the next most prevalent cause " Respiratory diseases other than tuberculosis," accounted for only 1 death out of every 8. Among operative deaths approximately 1 out of 2 were due to tuberculosis, and among nonoperative deaths approximately 1 out of 4. Tuberculosis and the other respiratory diseases combined are responsible for nearly half the total deaths in this age group; among operatives they account for 3 out of every 5 deaths; and among nonoperatives for 2 out of 5 deaths.
Next in importance to the respiratory diseases as a cause of death comes for males accident or violence, which accounts for 1 in every 10 male deaths, and for females parturition, which accounts for precisely the same proportion of female deaths, 1 in 10.
This by no means fairly represents the hazards of childbirth, since not all females within these age limits were married, and not all who were married had been parturient. Twenty-four tuberculous deaths had occurred with childbirth as a complication; if these were counted among the deaths from parturition it would make that cause responsible for 1 out of every 7 female deaths in this age group in Fall River; i. e., parturition would rank second only to tuberculosis in importance. As regards race, the Irish, both operatives and nonoperatives, showed a lower proportion of deaths from this cause than prevailed among the non-Irish. Fourth in importance for both sexes comes nephritis, which is responsible for 1 death in every 12. If the matter of race be ignored this proportion is almost uniform throughout the various sex and occupation classes. From the standpoint of race, however, the Irish show a remarkable variation; among them nephritis holds the position held by nontuberculous respiratory diseases among the population in general-that is, it ranks next to tuberculosis in importance as a cause of death. Among the Irish in Fall River during the three years studied it was the officially certified cause of 1 death out of every 7 or 8 (according to the sex and occupation group) which occurred, while among the non-Irish only 1 in every 20 decedents was officially certified as having died from nephritis.
These causes account for well over three-fifths of the total deaths in the 15 to 44 age group, the remaining deaths being due to a variety of diseases, no one of which conspicuously exceeded the others in harmfulness. The two important points established by the study of this age group are the excess in the death rates of operatives as compared with nonoperatives, especially in the case of females, and the prominence of tuberculosis as a cause of death in this period which should be of full physical vigor and which includes the years of greatest industrial importance.
MORTALITY IN THE POPULATION AGED 10 YEARS AND OVER.
In this section a careful study is made first of the mortality from tuberculosis and then of mortality from nontuberculous causes, and a number of possibly contributory causes of death are considered.
The study of tuberculosis shows much the same results as the same study for the age group 15 to 44. In both groups tuberculosis is the most important single cause of death and in both it is far more destructive to operatives than to nonoperatives.
The fact that operatives almost without exception in each locality and in the various age, sex, and race groups show such an undue proportion of deaths from tuberculosis is almost conclusive proof of a causal connection between operative w r ork and the disease. The coincidence between w T ork in the cotton mills and a death rate from tuberculosis higher than that of a corresponding class of nonoperatives would not be found in so many and such diverse groups were it a mere coincidence. It seems hardly open to question tha.t operative work predisposes to tuberculosis and that its effect in this direction is greater among females than among males. 
SUGGESTED EXPLANATIONS OF HIGH DEATH RATE OF OPER-ATIVES FROM TUBERCULOSIS,
Several possible explanations of the high death rate of operatives from tuberculosis are considered, such as the migratory habits of operatives which, it is sometimes claimed, bring many already stricken with the disease into the leading cotton-mill towns to die and thus increase the death rates by the addition of those who should be classed as nonresidents; the number of foreigners in the mills and their undue susceptibility to tuberculosis; and the overlarge families of cotton operatives, which being out of all proportion to the father's earnings, are necessarily undernourished and therefore prone to disease.
As to the first theory, the facts were altogether against it. The closest inquiry brought to light only three cases among the tuberculous operative decedents in which the operative had lived in the given city for so short a period before his death that it would be reasonable to suppose he had developed the disease elsewhere. On the other hand, it was a common matter to be told of former operatives who hitving reached an advanced stage of tuberculosis had gone back to their childhood home to die, so that apparently the operative death rate of the cities studied is lower, not higher, than the facts would warrant. No evidence could be found that the foreign mill workers were markedly more susceptible to tuberculosis than the native born. It was even less possible to find any support for the idea that the overlarge families of the operatives were responsible for the situation.
Considering first the males, it appears that only a little over half of the operative decedents had ever had children and that those who had become fathers had averaged only a trifle over four children apiece. Moreover, of these four children on an average one had died in each family, so that the average number of living children per decedent was only three. These averages are not only small, considered by themselves, but are smaller than the corresponding averages for tuberculous nonoperatives. * * * Turning to the female operative decedents, it appears that less than half of them had ever been mothers, and that those who had been averaged only 3.1 children apiece. Moreover, on an average, one child in each of these families had died, leaving on an average less than two surviving children for each operative decedent mother. Here, as among the males, there is no justification for ascribing the high operative death rate to the effect of large families.
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A study was made of the length of time during which tuberculous decedents were known to have suffered from the disease. Over a fourth (27.6 per cent) of the male and nearly a third (30.9 per cent) of the female tuberculous decedents were admitted by their relatives to have had tuberculosis for two years or more before their death. This means that a considerable number must have kept on at their work in the mills for a year or more after the disease wa% established. Since tuberculosis is eminently a communicable disease, and since few sufferers from it take the precautions which render their presence safe to others, it is highly probable that many of these tuberculous decedents had been persistent sources of infection for the other workers within the same mill room.
A tentative effort was made to determine whether the high operative mortality from tuberculosis could be attributed to any special occupation within the mills, but the results were rather unsatisfactory. The female card-room workers showed a higher death rate from tuberculosis than that which prevailed among female operatives generally, but the data available concerning the age and race distribution of the operative population were not sufficient to show whether this was an accidental or a causal connection. It is worth noticing, however, that the card room is the dustiest of the rooms in which women are employed, and is usually also the darkest. A further intensive study of the death hazards of the particular occupations is now being made.
CONCLUSION.
A number of other possible factors in the death rate are considered, such as intemperance, the special hazard oi married women, the effect of early marriage, effect of tuberculous kindred and relatives, sanitary condition of the decedent's dwelling place, and the like, but a lack of sufficient data respecting the population made it impossible to reach satisfactory conclusions. The report may be taken as having definitely established the higher mortality of cotton-mill operatives as compared with nonoperatives, especially in the case of women, and also as having demonstrated that operatives are peculiarly susceptible to tuberculosis. Also, it shows the urgent need for further investigations to solve many problems which the present investigation has brought to light.
